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1
- CMOS DIFFERENTIAL AMPLIFIER

DESCRIPTION

1. Technical Field
The field of the invention is that of integrated circuit

amplifiers employing the CMOS process.

2. Background Art

A standard practice in the fabrication and design of
CMOS static RAM is a provision of a bit line that has a
voltage close to Vcc in order to have a large voltage
margin above the trip point of the memory cells. In
order to provide optimum performance, it is useful to
have the common mode output voltage of the sense amp
be set at the trip point at the next stage in the cir-
cuit—typically at a value of Vcc/2.

If the typical sense amplifier circuit of the prior art 1s

used, the input transistors of the sense amplifier will
have their gates at the voltage of the bit line and their
drains at the output voltage so that they will be heavily
into the linear region of operation. This results in unsat-
isfactory performance or rather performance only over
a limited range of common mode input voltage.

The problem addressed by this invention is that of
providing a sense amplifier that produces reasonable
gain over a broad range of common mode input volt-
ages and that will also operate well with modern (low
doping of the source and drain) transistors which have
a relatively high impedance.

DISCLOSURE OF INVENTION

The invention relates to an improved CMOS sense
amplifier that incorporates cross-coupling of both 1n-
puts to either end of both current paths through the
central portion of the amplifier.

A feature of the invention is the provision of matched
pairs of complementary transistors, all having a com-

mon gate.
Another feature of the invention is coupling of an

input signal to both sides of a central amplifier portion
through both the source and drain of an input transistor.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a prior art sense amplifier.

FIGS. 22 and 2b illustrate the dependence of gain
upon common mode voltage for both the subject inven-
tion and a standard prior art amplifier.

FIG. 3 illustrates a sense amplifier constructed ac-
cording to the invention. |

FIG. 4 illustrates an alternative embodiment of the

invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

FIG. 1 illustrates a prior art sense amplifier having
two pairs of complementary transistors. As was noted
above, this amplifier is able to provide reasonable gain
for only a small range of common mode voltages. FIG.
2a illustrates the calculated dependence of gain on volt-
age for this amplifier, showing reasonable gain only 1n a
small range. This amplifier features the provision of two
P channel transistors having a common gate that 1s
connected to a node on the left side of the figure, oppo-
site to the output node.

FI1G. 3 illustrates a circuit constructed according to
the invention, in which a central portion denoted by the
numeral 50 consists of matched pairs of P channel and
N channel transistors, all having a common gate. Each
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input is connected to both ends of a current path extend-
ing diagonally across the figure and being denoted by
the numerals 23 and 25 respectively (Path 23 includes
resistor 11, transistors 32 and 34 and resistor 12). For
purposes of illustration, a simplified embodiment of the
invention in which all the resistors 10, 11, 12 and 13
have the same value and in which all four transistors 32,
32’ and 34, 34' have the same transconductance. Those
skilled in the art will readily be able to modify and

generalize this particular example. |

In operation, the equality of the resistors and the
equality of gain of the transistors ensures that, when
Vin=Vin, node 44, the output node, has a steady state
voltage of Vce/2. By symmetry, the voltage between
Vee and ground will be divided equally between an
upper portion consisting of resistor 10, and transistor 32’
and a lower portion consisting of transistor 34’ and
resistor 13. Similarly, node 42 on current path 23 will
also be at Vee/2.

When connection is made to the memory cell, one of
the two inputs will go up and the other down by a small
amount. Thus one of transistors 36 and 37 will be turned
on to a slightly greater degree and the other will be
turned on to a slightly lesser degree. This change in the
degree of turn-on will change the voltage on nodes 24
and 26 which are the sources of transistors 36 and 37
respectively and also on nodes 22 and 28, which are the -
drains. |

Node 24 follows the signal Vin while node 26 follows
signal Vin. Also, node 22 is the inverse of Vin and node
28 is the inverse of Vin. The change in input will apply
corresponding changes to either end of current paths 23
and 25. For example, nodes 24 and 28, at opposite ends
of current path 23, will move in phase to increase or
decrease in voltage at the same time (similarly for nodes
22 and 26 on opposite ends of current path 295).

If Vin rises, (turning on transistor 37 to a greater
degree so that the voitage on node 26 rises and the
voltage on node 28 drops, then the voltage on node 42
will decrease. Thus, the gate to source voltage on tran-
sistor 34 will decrease and the gate to source voltage on
transistor 32’ will increase. This will effect the common
gate voltage of all four transistors of central portion 50
and the result will be that the voltage on node 44 will
Increase.

In a small signal approximation, the voltage of node
44 may be expressed in terms of the voltage difference
on the two inputs and the transistor gains as the quantity

Viq22 VdW“Sin'Sau:*R 'Rout/(1+ Rgin)(1—Rgour)
where Vgyris the voltage difference of the two inputs;
gin is the gain of the input transistors, goyr 18 the gain.of
the output transistors, R is the resistance of each of the
four resistors 10-13 and R, is the impedance of the
output circuit. The derivation of this result is a straight-
forward application of circuit theory and need not be
reproduced here. It is striking, however, that in this
approximation the output voltage is independent of the
common mode input voltage. FIG. 2b plots the differen-
tial gain of the sense amplifier versus common mode
input voltage. Comparison with the calculated gain
(FIG. 2a) of the prior art amplifier of FIG. 1 shows that
the usable range has been greatly extended. The rela-
tively slow dependence of differential gain on common
mode voltage in this more detailed calculation is essen-
tially the dependence of the transconductance of the
input transistor.
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If 1t 1s desired to stress the performance of the ampli-
fier at high values of common-mode input voltage, the
pull up resistors 10 and 11 may be decreased in value.
The value of resistors 12 and 13 may then be set to
- achieve the desired gain. A small value of pull up resis- 5
tor will keep the Vs of the input transistor high and

prevent those input transistors from entering too deeply
mto the linear region. Such a circuit will then have
some dependence of output voltage on the input com-

mon mode voltage. 10

It is worth noting that the gain of the amplifier is a
function of the values of resistors 10 through 13. If these
resistors are replaced by load transistors, then the provi-
sion of adjustable voltage means on gates of these load
transistors will enable the gain of the amplifier to be 15
adjusted. Those skilled in the art will readily appreciate
the flexibility provided by this feature. In particular, if
the voltage circuit supplying the gates of one or more
transistors 1s adjustable by means of fuses or other con-
ventional means, then the circuit may be tested after its 20
manufacture is completed and the gain may be trimmed
to provide a desired level of performance.

FIG. 4 illustrates an alternative embodiment of the
mvention, in which the only changes are the replace-
ment of resistors 10-13 by load transistors 30-33 and 25
corresponding voltage supply circuits 40-43. The load
transistors may be of any convenient type—P or N
channel and the supply circuits may range from a direct
connection to Vcce to an adjustable supply circuit. One
supply circuit may be used for more than one transistor, 30
of course. The arrangement illustrated offers the maxi-
mum flexibility.

Although the invention has been disclosed in the
context of a static RAM, it may be used in any other
circuit, such as telecommunications circuits and linear 35
circuitry.

I claim:

1. A field-effect-transistor sense amplifier for re-
sponding to first and second input signals comprising:

a first side comprising a first upper transistor and a 40
first lower transistor connected in series in a first
current path between a supply voltage and ground,
the drain of said first lower transistor being con-
nected to the source of said first upper transistor at
a gate node; and 45

a second side comprising a second upper transistor
and a second lower transistor, connected in series
in a second current path between said supply volt-
age and ground, the drain of said second lower
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transistor being connected to the source of said
second upper transistor at an output node; charac-
terized in that:

all of the gates of said first and second upper and
lower transistors are connected to said gate node
and said amplifier further includes;

first input means responsive to said first input signal

for applying opposite-sense signals to the drain of
sald second upper transistor and the source of said

first lower transistor; and

second mput means responsive to said second input
signal for applying opposite-sense signals to the
drain of said first upper transistor and the source of
said second lower transistor, whereby each of said
first and second input means couples signals to both
of said first and second sides.

2. A sense amplifier according to claim 1, further
characterized in that said first current path includes a
first upper load means connected between said supply
voltage and said first upper transistor and a first lower
load means connected between said first lower transis-
tor and ground; and

said second current path includes a second upper load

means connected between said supply voltage and
said second upper transistor and a second lower
load means connected between said second lower
transistor and ground.

3. An amplifier according to claim 2, in which all of
said first and second upper and lower load means have
the same impedance value and all of said first and sec-
ond upper and lower transistors have the same trans-
conductance.

4. An amplifier according to claim 2, in which said
first and second upper load means have an impedance
value substantially below the impedance value of said
first and second lower load means, whereby said ampli-
fier exhibits improved tolerance of high common-mode
mput voltages. |

5. An amplifier according to claim 2, in which at least
one of said first and second upper load means further
includes means for varying the impedance of said at
least one load means, whereby the amplifier may be
adjusted to compensate for processing or other varia-
tions.

6. An amplifier according to claim 5, in which said at
least one load means is a load transistor having a load
transistor gate and said means for varying is a variable

power supply connected to said load transistor gate.
® * * * S



	Front Page
	Drawings
	Specification
	Claims

